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BOEING WING MODELS FOR WEAPONS SYSTEM l l O A  

By G. M. Levey, W. J. Tuovila, and A. G. Rainey 

' .  SUMMARY 
I ' *  

\ 
\ 

F l u t t e r  t e s t s  have'.been conducted on two low-aspect-ratio wing 
p lan  forms @der considerA4ion - by t h e  Boeing Airplane Company for t h e  
l l O A  weapons system. These configurations had t h r e e  heavy nace l l e s  near 
t h e  t r a i l i n g  edge, and f l u t t e r  t e s t s  were made both with and without t h e  
nace l les .  Up t o  a Mach number of 3.0 t h e  dynamic pressure  required for 
f l u t t e r  of a wing with nace l les  was genera l ly  higher than  t h a t  of a wing 
without nace l les .  

INTRODUCTION 

The aerodynamic advantages of t h i n  lowiaspect-ratio l i f t i n g  sur faces  
f o r  supersonic f l i g h t  have l ed  t o  an increased i n t e r e s t  i n  t h e  charac te r -  
i s t i c s  of such surfaces.  A complete descr ip t ion  of t h e  a e r o e l a s t i c  char- 
a c t e r i s t i c s  of surfaces of t h i s  type  i s  p a r t i c u l a r l y  d i f f i c u l t  because of 
t h e  complexities of both s t r u c t u r a l  and aerodynamic ana lys i s  of t h e  
behavior of t h i s  type of wing. Consequently, when t h e  Boeing Airplane 
Company decided on a t h i n ,  low-aspect-ratio l i f t i n g  sur face  f o r  t h e i r  
proposal i n  t h e  A i r  Force l l O A  weapons system compefition, it was con- 
s idered  des i r ab le  t o  make a preliminary experimental s,tudy of t h e  f l u t t e r  
c h a r a c t e r i s t i c s  of two p lan  forms which were within t h e  range of configu- 
r a t i o n s  being considered. 
t h e  proposed configuration might be p a r t i c u l a r l y  acute because of t h e  
rearward loca t ion  of t h e  engine nace l les .  Consequently, a series of 
models have been t e s t e d  i n  t h e  Langley 9- by 18-inch supersonic f l u t t e r  

It was believed t h a t  t h e  f l u t t e r  problem for 
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t unne l  and i n  t h e  
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t ransonic  f l u t t e r  t unne l  i n  t h e  Mach 
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SYMBOLS 

speed of sound, f p s  

twice exposed-panel aspect r a t i o  

semichord a t  0.75 span, f t  

f irst  bending frequency, cps 

second bending frequency, cps 

f i rs t  t o r s i o n  frequency, cps 

f l u t t e r  frequency, cps 

m a s s  of wing, s lugs  

Mach number, .* 
a i r  dens i ty ,  slugs/cu f t  

A ! 

2srfa 

mass r a t i o  parameter ( see  page 4) 

APPARATUS AND TESTS 

Description of Wind Tunnels 

The t e s t s  were conducted i n  t h e  Langley 9- by 18-inch supersonic 
f l u t t e r  t unne l  i n  t h e  Mach number range from about 0.6 t o  3.0, with some 
supplemental t e s t s  i n  t h e  Langley 2-foot t ransonic  f l u t t e r  tunnel  i n  t h e  
Mach number range from 0.6 t o  1.12. 

The Langley 9- by 18-inch supersonic f l u t t e r  tunnel  i s  a conventional 
fixed-nozzle blowdown type of wind tunnel  exhausting i n t o  a vacuum sphere. 
This t unne l  i s  equipped with interchangeable nozzle blocks which give 
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f ixed  Mach numbers of 1.3, 1.64, 2.0, and 3.0. 
s l o t t e d  nozzle blocks are used f o r  t e s t s  i n  t h e  range from about 
M = 0.6 t o  1.3. 

I n  addi t ion ,  a set of 

The Langley 2-foot t ransonic  f l u t t e r  tunnel  i s  a conventional s lo t t ed -  
t h roa t  s ing le- re turn  wind tunnel  equipped t o  use e i t h e r  air  o r  Freon-12 as 
a t e s t  medium. This tunnel  i s  of t h e  continuous-operation type; t h a t  i s ,  
it i s  powered by a motor-driven fan .  
and the dens i ty  a r e  continuously cont ro l lab le .  

Both the t e s t - s e c t i o n  Mach number 

Description of Models 

U l t :  W L L $ g - - p W &  

-€ ! -  e. The two plan forms (shown i n  f i g .  1) were i d e n t i c a l  except f o r  
aspect  r a t i o .  Both wing designs had a 2.5-percent-thick double-wedge 
a i r f o i l  sec t ion  w i t h  t h e  maximum thickness  a t  the 70-percent-chord sta- 
t i o n  and were unswept at  t h e  75-percent-chord l i n e .  The t a p e r  r a t i o  w a s  
0.164. The shor t e r  of t h e  two designs, which i s  r e f e r r e d  t o  here in  as 
the  normal-plan-form wing, had an aspect  r a t i o  of 1.27, and t h e  longer 
design, r e f e r r e d  t o  as the extended-plan-form wing, had an aspect  r a t i o  
of 1.61. 
half-body as indica ted  i n  figure 2. 

The semispan models were t e s t e d  as can t i l eve r s  mounted on a 
The aspect  r a t i o  and t a p e r  r a t i o  

a r e  based on t h e  exposed p lan  forms. 

There were 
severa l  models varying i n  s t i f f n e s s  and mass f o r  each plan form. 
bas ic  s t r u c t u r a l  member of t h e  models was a laminated core made of s ix  
t h i n  shee ts  of aluminum a l l o y  or s t e e l .  The plan-form dimensions of 
each laminar of t h e  core are shown i n  f igu re  3 ,  and t h e  sheet  thickness  
and m a t e r i a l  f o r  each m o d e l  are indica ted  i n  table I. The a i r f o i l  shape 
was formed by bonding ba l sa  t o  the  core with t h e  g ra in  of t h e  balsa 
or iented perpendicular t o  t he  core t o  minimize the  e f f e c t  of t he  balsa 
on t h e  s t i f f n e s s .  
p l a s t i c  f i lm.  The models were equipped w i t h  two wire-strain-gage br idges 
or ien ted  t o  be sens i t i ve  t o  bending and t o r s i o n  s t r a i n s .  

The 

The models were f in i shed  with a polyes te r  type of 

The nace l les  f o r  t h e  models were s o l i d  cy l inders  w i t h  conica l  ends. 
Each nace l le  weighed about one-half as much as the wing and had i t s  ten- 
t e r  of g rav i ty  a t  i t s  center .  The nace l les  were fastened d i r e c t l y t o  
the  wing w i t h  two screws. The nace l le  loca t ions  are shown i n  f i g u r e  1 
and the  nace l le  mass proper t ies  are presented i n  table I. 

The masses and n a t u r a l  v ib ra t ion  frequencies of t h e  var ious models 
tested are presented i n  table I. Under t h e  column heading, "Model,'1 t h e  
l e t t e r s  "A, B, C, D, e tc . ,"  suf f ixed  t o  t h e  numerical designat ions ind i -  
c a t e  dupl ica te  models of each design. The l e t t e r  "N" suf f ixed  t o  t h e  
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model designation ind ica t e s  t h a t  t h e  model was t e s t e d  with nace l les  
a t tached .  Other su f f ixes  are explained i n  t h e  "Remarks" column. 

Natural-vibration mode shapes were measured on models t y p i c a l  of 
t h e  f o u r  configurations used i n  t h e  f l u t t e r  tes ts .  
na tura l -v ibra t ion  modes measured f o r  models 2G and X N  of t h e  normal 
p lan  form and models 4E and 4EN of t h e  extended p lan  form are presented 
i n  f i g u r e s  4 t o  7. The mode shapes are presented i n  t h e  form of con- 
t o u r s  of constant amplitude. 
e r a t i o n  method of reference 1. 

The first three 

These contours were obtained by t h e  acce l -  

T e s t  Procedure 

The tes t  procedure used i n  t h e  supersonic f l u t t e r  t unne l  was t o  
e s t a b l i s h  t h e  des i r ed  Mach number and then  increase t h e  t es t  sec t ion  
dens i ty  by increas ing  t h e  s tagnat ion  pressure u n t i l  f l u t t e r  was observed. 
The procedure used i n  t h e  t ransonic  tunnel  was somewhat d i f f e r e n t  i n  
t h a t  each f l u t t e r  po in t  was obtained a t  e s s e n t i a l l y  constant s tagnat ion  
pressure  and t h e  f l u t t e r  condition was reached by increasing t h e  speed. 

For t h e  tes ts  i n  t h e  supersonic tunne l  t h e  model strain-gage out- 
pu t s  as w e l l  as tunne l  conditions were recorded f o r  t h e  e n t i r e  run by 
u t i l i z i n g  a n  osc i l lograph .  
pu t s  from t h e  model were recorded continuously by using a magnetic t ape  
recorder equipped with a frequency-modulation system. 

I n  t h e  t ransonic  tunne l  t h e  strain-gage out- 

RESULTS AND DISCUSSION 

F l u t t e r  da t a  were obtained a t  speeds up t o  M = 3.0. These da t a  
are presented i n  t a b l e  I. 

t o  11, where t h e  a l t i t u d e - s t i f f n e s s  parameter %@ i s  p l o t t e d  aga ins t  

Mach number. This parameter has been u s e f u l  i n  t h e  pas t  i n  i n t e r p r e t i n g  
data obtained from a v a r i e t y  of models, p a r t i c u l a r l y  when t h e  behavior 
of t h e  models i s  such t h a t  t h e  s t i f f n e s s  required t o  prevent f l u t t e r  
va r i e s  as t h e  dynamic pressure.  

F l u t t e r  curves a r e  presented i n  figures 8 

The a l t i t u d e - s t i f f n e s s  parameters shown are based on t h e  semichord b 
a t  t h e  0.75-span s t a t i o n .  The value of b used w a s  0.163 foo t  f o r  both 
p lan  forms. The frequency ma used i n  ca l cu la t ing  values of t h e  param- 
e t e r  i s  t h e  measured frequency of t h e  mode which most nea r ly  resembled a 
f i rs t  t o r s i o n a l  mode. The mass-ratio parameter p. i s  defined as t h e  
r a t i o  of t h e  mass of t h e  exposed model (including t h e  nace l les  when used) 
t o  t h e  mass of t h e  volume of a i r  contained i n  t h e  conica l  frustrum whose 
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height i s  t h e  exposed model span and whose bases have diameters equal  t o  
t h e  root chord and t h e  t i p  chord. 
w a s  0.073 cubic f o o t ,  whereas f o r  t h e  extended p lan  form t h i s  volume was 
O.Og> cubic foo t .  

For t h e  normal p lan  form t h i s  volume 

I n  general ,  t h e  t rends  ind ica ted  by t h e  da ta  i n  figures 8 t o  11 are 
similar t o  t h e  t rends  presented i n  references 2 and 3 i n  t h a t  continuously 
increas ing  s t i f f n e s s  or a l t i t u d e  i s  required f o r  f l u t t e r - f r e e  operation 
a t  supersonic speeds f o r  t hese  low-aspect-ratio sur faces  with highly swept 
leading edges. These curves show t h a t  a decrease i n  a i r  dens i ty  by a 
f a c t o r  of about 4 i s  required t o  prevent f l u t t e r  i n  changing t h e  Mach num- 
be r  from 1.3 t o  3.0. 

An indica t ion  of t h e  e f f e c t  of t h e  nace l l e s  i s  d i f f i c u l t  t o  determine 
from t h e  da ta  presented i n  t h e  form of t h e  s t i f f n e s s - a l t i t u d e  parameter. 
Consequently, t h e  da t a  have been r ep lo t t ed  i n  f i g u r e  1 2  i n  t h e  form of 
t h e  r a t i o  of t h e  dynamic pressure  required f o r  f l u t t e r  with nace l les  t o  
t h e  dynamic pressure required without nace l les  (base wing). Most of t h e  
d a t a  f a l l  above a r a t i o  of 1.0 with only 3 po in t s  f a l l i n g  s l i g h t l y  below 
1.3, ind ica t ing  t h a t  t h e  e f f e c t  of t h e  nace l les  w a s ,  i n  general ,  
bene f i c i a l .  

The models as designed were t o o  st iff  t o  f l u t t e r  i n  t h e  Langley 
2-foot t ransonic  f l u t t e r  tunnel; however, when t h e  p l a s t i c  f i l m  coating 
was removed from one of t h e  extended-plan-form models, f l u t t e r  was 
obtained with nace l les  a t tached  up t o  a Mach number near 1.0. Beyond a 
Mach number of 1.0, t h i s  model experienced a type of s t a t i c  divergence 
which appeared t o  be due t o  t h e  loca l fzed  weakening of t h e  leading edge. 
With t h e  nace l les  removed t h i s  divergence condition w a s  encountered a t  
dynamic pressures below t h e  dynamic pressure requi red  f o r  f l u t t e r  with 
t h e  nace l les  a t tached .  These divergence c h a r a c t e r i s t i c s  are indica ted  
i n  figure 13 w h e r e  t he  dynamic pressure a t  the f l u t t e r  or divergence 
boundary i s  shown as a func t ion  of Mach number f o r  a model of t h e  extended 
p lan  form with and without t h e  nace l les .  
nea r ly  constant value of dynamic pressure a t  Mach numbers from about 0.7 
t o  1.2 while t h e  wing with nace l l e s  f l u t t e r e d  o r  diverged at  appreciably 
higher values of dynamic pressure.  The increase i n  t h e  dynamic pressure  
required f o r  divergence of t h e  wing with nace l les  may have been due t o  a 
s t i f f e n i n g  e f f e c t  of t h e  nace l les .  

The bare  wing diverged a t  a 

CONCLUDING REMARKS 

A s  a r e s u l t  of wind-tunnel f l u t t e r  tests up t o  Mach number 3.0, it 
appears t h a t  t h e  nace l les  of t h e  configurations t e s t e d  impose no f l u t t e r  
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penalty; i n  f a c t ,  t h e  dynamic pressure required t o  f l u t t e r  a wing with 
nacel les  w a s  general ly  higher than t h a t  required t o  f l u t t e r  t h e  bare  
wing. 

/-,---- 

Langley Aeronautical Laboratory, 
National Advisory Cormnittee fo r  Aeronautics, 

Langley F ie ld ,  Va. ,  September 27, 

Aeronautical Research Engineer 

A. Gerald Rainey 
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TABLE I.- MODEL DATA - Concluded 
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Figure 1.- Model p l an  forms. 
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Figure 2.- Extended plan form with nacelles mounted i n  Langley 2-foot 

transonic f l u t t e r  tunnel. 
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Figure 8.- Flutter curves for normal-plan-form models without nacelles. 
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Figure 9.- Flutter curves for normal-plan-form models w i t h  nacelle S. 
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Figure 10.- F l u t t e r  curves f o r  extended-plan-form models without nacel les .  
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Figure 11.- Flutter curves for extended-plan-form models with nacelles. 
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Figure 12.- Effect of nacelles on flutter. 

SECRET 



SECEET NACA RM SL37Jlla 

SECRET 



NACA RM SL57Jlla d 

TEB TESTS AT MACH NU@l&S UP TO 3.0 OF 
/ 

WIND-TUNNEL 
/ 

MlWPQ6S SYSTEM l l O A  
/’ 

ORD. NO. AF-AM-108 

ovila,  and A .  G. Rainey 

F lu t te r  t e s t s  
forms under 

INDEX HEADING 

-.. 
_ -  - 

I 

NACA - Langley Field, vd. 


